Abstract. We have investigated the chemistry of the Jovian auroral thermosphere-/ionosphere by modeling the precipitation of high-energy electrons into the auroral zones using a multistream electron-transport code and three model thermospheres' a standard model based on pressure and temperature data from Galileo, and two additional models that are characterized by enhanced eddy diffusion coefficients. We have predicted the effects of precipitation of monoenergetic electrons with energies between 20 and 100 keV with energy fluxes of about 11 ergs cm-2s -•. We have derived the column densities of H2, H, CH4, and C2H2 above the altitudes of peak energy deposition. For methane column densities similar to those determined from IUE and Hubble Space Telescope H2 spectral data, we find that for our standard model, the most likely electron energies are in the 45-55 keV range. For the enhanced eddy diffusion models the energies are lower. We present ion density profiles, H density profiles, and production profiles for the most important H2 and H emissions. The predicted H column densities are in the range (1 -6) x 10 •8 cm -2 for the standard model and are smaller for the enhanced eddy diffusion models. We find that the temperatures near the altitude of peak energy deposition vary from 160 to 200 K and are significantly lower than those derived from rotational analyses of auroral H2 emissions, which average 400-500 K. This indicates that the auroral thermosphere is considerably warmer than those at lower latitudes that were measured by the Voyager spacecraft or the Galileo probe.
employed by I(ira ½t al. [1992] . The auroral region was assumed also to be sunht, with a solar zenith angle of 60 ø. Photoabsorption by H2, H, He, CH4, C2H2, C2H4, and C2He was included, and the cross sections adopted were the same as those compiled by I(ira and Fox [1994] . The photoelectron energy deposition was carried out with the approximation that these low-energy electrons lose their energy locally.
To compute the steady state ion density profiles, 161 ion-molecule reactions were included, with rate coefficients taken mainly from the evaluation by A nicich [1994] . Many of the rate coefficients that have been used are the same as those listed by I(ira and Fox [1994] ; the rate coefficients that have been changed, along with other reactions that we refer to in the discussion, are shown in Table 2 . A few of these deserve comment.
The rate coefficient for reaction (R1) + +
was previously assumed to be 1.4 x 10-10 cm 3 S-1. The reaction is endothermic by about 19 kcal/mol, however, and the rate coefficient recommended by Anicich [1994] apphes only to suprathermal collision energies. We have therefore set the rate coefficient for the above reaction to zero in this study. Reaction (R15)
also appears to be slightly endothermic by about 2 kcal/mol, and the rate coefficient for the reverse (exothermic) reaction is 1 x 10 -lø cm 3 s -1 [Hansel et al., 1989] .
We have adopted a rate coefficient of 1 x 10 -lø exp(-800/T) cm 3 s -1, rather than the temperature independent value 1 x 10-12 cm 3 s-1 assumed previously. Similarly, reaction (R11)
CH5 + q-H -• CH4 + q-H•
is endothermic by 2.9 kcal/mol and the rate coefficient for the reverse (exothermic) reaction is 3x 10 -ll cm 3 s -1 [Fedever et al., 1985] . We have here adopted a rate coefficient of 3 x 10 -11 exp(-1460/T) cmas -1.
Forty ion recombination reactions have been included.
Those whose rate coefficients have been modified since the study of Kim and Fox [1994] and their sources are given in Table 3 . One of the most important dissociafive recombination reactions is that of H3 +, which may proceed via two possible channels (reactions (RC1) and Ha ++e -• H2+H (4)
The rate coefficient, which was believed for a time to be quite small, 10 -s cm 3 s -1 or less, for H3 + in the ground vibrational state (see the review by Mitchell [1990] We have included 39 neutral-neutral reactions for hydrocarbons up to Ca, and those reactions are shown in Here we use our model of electron energy deposition in the auroral regions to compare the temperatures at the altitudes of peak energy deposition using the Galileo temperature profile to those derived from HST spectra. Such variations in infrared emissions may arise from variations in temperature or in the abundances of the emitting species, either of which may occur in the auroral regions. Coupling of auroral precipitation and neutral chemistry is also indicated by the existence of auroral hazes [Pryor and Hord, 1991] . The ion chemistry, which is coupled to the neutral chemistry, may play some role in haze production as well. These issues are important and will be taken into account in future models in which the neutral chemistry is more complete than that which we have adopted here.
Eddy Diffusion
Another important but ill-defined factor for the chemistry of the auroral ionosphere is the size of the auroral regions and the rate of horizontal transport both into and out of the region. This transport may be rapid and may greatly affect the number densities of species with long chemical lifetimes. and there is significant uncertainty in the abundance of acetylene at thermospheric altitudes both in the auroral regions and at lower latitudes. The atomic hydrogen production rates in the auroral regions are greatly enhanced over those arising from the interaction of solar EUV fluxes with H2 at lower latitudes. The major sources of H in the auroral regions, along with column integrated production or loss rates, are listed in Table 6a 
The reaction of H with C2Ha + (reaction (R37)) C•H3 + + H -• C•H• + + H• (15)
is the dominant destruction mechanism for H in the 340 to 470 km region. The reverse of reaction (R37) (reaction (R15)), which we have discussed above, is an important source of H, and its rate is nearly as large as that of (R37). Thus the sequence of reactions (R37) followed by (R15) constitutes a "null cycle" that mir- 
C2I-I3 q-H -• C2I-I2 q-I-I2 (20)
followed by the three-body reaction (RN36) of these values are larger than the column densities in Figure 3 , mostly because the methane densities are enhanced at higher altitudes in the higher eddy diffusion models, and thus unit optical depth occurs at higher altitudes.
C2H2 + H + M --, C2H3 + M (21)
makes
Ion Density Profiles
The production rates of ions for our standard model and an electron energy of 50 keV are presented in Figure 7 . The peak of ion production occurs near the peak of electron energy deposition, near 300 kin. The major ions produced are H2 +, H +, He+, CH• +, and CHa +. As expected, the altitude of the peak in the H2 + production profile decreases with increasing energy of the precipitating electrons but, for a given electron energy, is not much affected by changes in the eddy diffusion coefficient. Integrated column ionization rates for all of our models for 20, 50 and 100 keV electrons are presented in Table 7 . The integrated H2 + production rates are nearly the same for all of our models, largely because the energy fluxes were normalized to that necessary to produce 60 kR of Lyman band emission, and the shape of the H2 electron-impact ionization cross section is similar to that for excitation of the B state of H2. The production rate of hydrocarbon ions, however, increases significantly with both electron energy and eddy diffusion coefficient. Direct production of hydrocarbon ions 
Temperatures and Pressures at the Auroral Energy Deposition Peak
We present in Figures 10a and 10b the pressure and temperature at the altitude of peak energy deposition as a function of energy of the precipitating electrons for all our models. No significant differences were seen for models A, B, and C, which differ mainly in the expressions for the eddy diffusion coefficient and thus mainly in the hydrocarbon density profiles. The Ha profiles change only slightly from one model to another. The pressure at the electron energy deposition peak increases from about 0.5 to 10 ttbar, and the temperature at the peak decreases from 200 to 160 K as the energy of the primary electrons increases from 20 to 100 keV. These temperatures are much lower than those inferred from rotational analyses of high-resolution spectra of the Ha Lyman and Werner band systems, which are in the range 300 to 850 K at the peak of the emitting layer, with most values near 400-500 K [T ration et al. Finally, we find that the temperatures at the altitude of peak electron energy deposition for our Galileobased thermospheric models are less than 200 K and are much smaller than those derived from rotational analysis of HST data. We conclude that the auroral thermosphere is considerably hotter in the 0.5-10/•bar region than the near-equatorial region that was sampled by the Galileo probe [Seiff et al., 1997] and from which our pressure and temperature profiles were constructed. Calculations for a background model with a more realistic auroral temperature profile are in progress.
